1ジ ゾウダイド オ モツ エネルギー ニ モトズク 2ジゲン ソウテンイ モデル ニオケル アンテイセイ カイセキ ヒセンケイ ハッテン ホウテイシキ ト ゲンショウ ノ スウリ by 白川, 健
Title1次増大度を持つエネルギーに基づく2次元相転移モデルにおける安定性解析 (非線形発展方程式と現象の数理)
Author(s)白川, 健










Department of Applied Mathematics,
Graduate School of Engineering, Kobe University, Japan
1
$\Omega\subset \mathbb{R}^{2}$ $\Gamma:=\partial\Omega$ 2 . , $f$ $\mathbb{R}^{2}$
, $f$ $f^{o}$ .
, $(P)_{f}$ .
$(P)_{f}$ :
$\{\begin{array}{l}(\theta+w)_{t}-\Delta(\theta+\mu\theta_{t})=0 in Q:=(0, +\infty)\cross\Omega,\theta=\theta_{*} on \Sigma:=(0, +\infty)\cross\Gamma,\theta(0, \cdot)=\theta_{0} in \Omega;\end{array}$ (1.1)
$\{\begin{array}{l}w_{t}(t)+\kappa\partial\Phi_{f}(w(t))\ni w(t)+\theta(t) in L^{2}(\Omega), t>0,w(0)=w_{0} in L^{2}(\Omega).\end{array}$ (1.2)
$(P)_{f}$ ,




(P) $f$ , $\theta$ ( ) $0$
. , $w$ , $w$
$(x,t)\in\Omega x(0, +\infty)$ :
$($wl $)$ $-1\leq w(x,$ $t)\leq 1$ ;
(w2)
$\{\begin{array}{l}\bullet w(x,t)=1 \text{ }m\alpha \text{ }ff\grave \ovalbox{\tt\small REJECT} lf\varpi\grave \#,\bullet w(x,t)=-1 \text{ } mg \text{ } R^{\backslash }\mathfrak{B}lfE\{*,\bullet -1<w(x,t)<1 \text{ } lf\ovalbox{\tt\small REJECT}\hslash \text{ }\ \backslash lX \text{ } gB (ffffi) \text{ } lf \text{ }\grave{|}E_{\text{ ^{}\backslash }}^{r}h^{\backslash }\mathfrak{B}.\end{array}$
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(1.1) , ,
$0<\mu<1$ , $\theta_{*}\in \mathbb{R}$ . (1.1)







$w \in L^{2}(\Omega)\mapsto\kappa V_{f}(w)+\int_{\Omega}\{I_{1-1,1]}(w)-\frac{1}{2}|w+\theta|^{2}\}dx$; (13)
$0<\kappa<1$ ( ), $I_{1-1_{1}1]}$ [-1, 1] , $V_{f}$
(anisotropic total variation) $L^{1}(\Omega)$ Var$f^{;}$
$z\in L^{1}(\Omega)\mapsto$ Var$f(z)$ $:= \inf\{\lim_{-}\int_{\Omega}f^{o}(\nabla\varphi_{i})dx$ $asiarrow+\infty\varphi_{i}arrow zinL^{1}(\Omega\{\varphi_{i}\}\subset C^{1}(\Omega);\}$ ;(1.4)
$L^{2}(\Omega)$ $(V_{f}$ $:=$ Var$f|_{L^{2}(\Omega)})$ . , (1.2) $\partial\Phi_{f}$ ,
$L^{2}(\Omega)$ $\Phi_{f}$ :
$w \in L^{2}(\Omega)\mapsto\Phi_{f}(w):=V_{f}(w)+\int_{\Omega}I_{1-1,1]}(w)dx$ ; (15)
$L^{2}(\Omega)$ . $\Phi_{f}$ , (13)
.





, $V_{f}$ (interfacial energy) ,
, . $V_{f}$
, Visintin [27, Chapter VI]
. , $f^{o}$ (mass)
, (P) $f$
$f$ :
$\mathcal{W}_{f}:=\{\xi\in \mathbb{R}^{2}|f(\xi)<1\}$ ; (16)
2
. ( ) Wulff (Wulff
shape) .
$f$ , $f$ Euclid , :
$f(\xi)$ $:=|\xi|=\sqrt{\xi_{1}^{2}+\xi_{2}^{2}}$, for all $\xi=(\xi_{1}, \xi_{2})\in \mathbb{R}^{2}$ ; (1.7)
.
Wtlff $\mathcal{W}_{f}$ , $V_{f}$










$:= \max_{k\epsilon Z}\nu_{k}\cdot\xi=0\max_{\leq k<2m}\nu_{k}\cdot\xi,$
$\forall\xi\in \mathbb{R}^{2}$ . (1.8)
, $m\geq 2$ ,
$\nu_{k}:=(\cos\frac{k\pi}{m},\sin\frac{k\pi}{m})\in S^{1},$ $\forall k\in Z$ ;
. (1.8) , , Bellettini-Caselles-
Chambolle-Novaga [7], Caselles-Chambolle-Moll-Novaga [9], Giga-Rybka [11], Ishiwata
[13], Moll [17], Novaga-Paolini [18] ,




2 ( 2 3 ) , $(P)_{f}$
, $(a)-(b)$ :
(a) ( ) $\theta(t)arrow\theta_{*}$ ($\overline{\Omega}$ ) as $tarrow+\infty$ ;
(b) ( ) $tarrow+\infty$ , $\{w(t)|t\geq 0\}\subset L^{2}(\Omega)$
$w_{*}$ ($\omega$-limit point) , :
$\kappa\partial\Phi_{f}(w_{*})\ni w_{*}+\theta_{*}$ in $L^{2}(\Omega)$ ; (19)
:
$\kappa\Phi_{f}(w_{*})-\int_{\Omega}(w_{*}+\theta_{*})w_{*}dx\leq\kappa\Phi_{f}(z)-\int_{\Omega}(w_{*}+\theta_{*})zdx,$ $\forall z\in L^{2}(\Omega)$ ; (1.10)
.
3
$(a)-(b)$ , (P) $f$ (stationary point)
, (19) $\theta_{*}\in \mathbb{R}$ $w_{*}\in L^{2}(\Omega)$ $[\theta., w_{*}]$
. , (19),
(1.10) , (P) $f$ .
, 2 ( 4 5 ) , $\backslash \circ-$
. $[\theta_{*}, w_{*}]$ ,
$(a)-(b)$ , (19) (
) . , 4 ,
[24] . , [24] , Allen-Cahn
(12) , Wulff ( $2m$ )
Jordan , .





Banach $X$ , $X$ $|\cdot|x$ . , $X$ Hilbert
, $X$ $(\cdot,$ $\cdot)_{X}$ .
Hilbert $H$ $\Phi$ , $\Phi$ $D(\Phi)$ ,
$\partial\Phi$ . , $\Phi$ $\partial\Phi$ , $\Phi$ $A$ )
( ) , $H\cross H$ .
$\partial\Phi$ , , $v_{0}\in H$ $\partial\Phi(v_{0})$
$v_{0}^{*}\in H$ :
$(v_{0}^{*},v-v_{0})_{H}\leq\Phi(v)-\Phi(v_{0}),$ $\forall v\in D(\Phi)$ .
, $\text{ _{ }}^{<}D(\partial\Phi):=\{z\in H|\partial\Phi(z)\neq\emptyset\}lh’*ffl$ $\partial\Phi$ $lf$ .
$\}_{(-7’}^{arrow}*$ $\{T$ $\text{ _{}\backslash }\partial\Phi lh$ $lf$ $lf$ $\Pi\overline{\text{ }}^{-7E}$ , $L^{\backslash }($ $2$ ’p-
$\tilde$
El$\grave\acute$I$\grave$ :
$v_{\dot{0}}\in\partial\Phi(v_{0})$ in $H$ for $v_{0}\in D(\partial\Phi)$ ” $[v_{\dot{0}}, v_{0}]\in\partial\Phi$ in $H\cross H$”;
.
2
, $\Omega\subset \mathbb{R}^{2}$ $\partial\Omega:=\Gamma$ 2 .
, $Q:=(0,$ $+\infty)\cross\Omega$ .
$\mathcal{B}(\Omega)$
$\Omega$ Borel , $B\in \mathcal{B}(\Omega)$ , $B$
$\chi_{B}$ .
4
$d\in N$ , $d$ Lebesgue $d$ Hausdorff
$\ovalbox{\tt\small REJECT}^{d}$ $\mathcal{H}^{d}$ . , ,
Lebesgue .
$D\subset\Omega$ , $D^{ex}:=\Omega\backslash \overline{D}$ . , $D$ $\partial D$
Lipschitz , $\partial D$ $n_{\partial D}$ .
, $\Omega$ $BV(\Omega)$ ,
. $BV(\Omega)$ $V_{f}$
.
$z\in L^{1}(\Omega)$ (gradient)Dz Radon
, $z$ ( BV- ) . , $Dz$
(total variation measure) $|Dz|$ Radon ,
:
$|Dz|( \Omega)=\sup\{\int_{\Omega}zdiv\varphi dx|_{|\varphi|}^{\varphi}\leq 1on\Omega\in C_{c}^{1}(\Omega;\mathbb{R}^{2})$
and
$\}<+\infty$ .
, BV- $BV(\Omega)$ ,
Banach :
$|z|_{BV(\Omega)}:=|z|_{L^{1}(\Omega)}+|Dz|(\Omega),$ $\forall z\in BV(\Omega)$ .
, $\Omega$ 2 , $BV(\Omega)$ Hilbert
$L^{2}(\Omega)$ , Banach $L^{1}(\Omega)$
(cf. [1 Chapter 3], [10, Chapter 5] or [12, Chapter 1]). , $z\in BV(\Omega)$
, Radon $Dz$ Lebesgue $\ovalbox{\tt\small REJECT}^{2}$ $Dz^{a}$ (absolutely continuous.
part) , $Dz^{s}$ (singular part) ,
(cf. [1, Chapter 3]):
$Dz=Dz^{a}+Dz^{s}$ , $Dz= \frac{Dx}{|Dz|}|Dz|$ , $Dz^{a}=\nabla z\ovalbox{\tt\small REJECT}^{2}$ and $Dz^{s}= \frac{Dz}{|Dz^{*}|}|Dz^{8}|$ .
, $|Dz^{\text{\’{e}}}|$ $Dz^{s}$ , $\frac{Dz}{|Dz|},$ $\nabla z$ , $\frac{Dz^{\ell}}{|Dz^{s}|}$ , $Dz$
$|Dz|$ , $Dz^{a}$ $\ovalbox{\tt\small REJECT}^{2}$ , $Dz^{s}$ $|Dz^{s}|$
. , $\nabla z$ , [1, Definition 3.70 and Theorem 3.83]
$z$ (approximate differential) $\Omega$ .
$f$ $\mathbb{R}^{2}$ . , BV-
, (14) Var$f$ , $(V1)-(V3)$
(cf. [1, Section 5.5]).
(Vl) $z\in L^{1}(\Omega)\mapsto Var_{f}(z)$ , $L^{1}(\Omega)$ ,
$BV(\Omega)$ . , $Var_{f}$ $L^{2}(\Omega)$
$V_{f}$ $L^{2}(\Omega)$ ,
$D(V_{f})$ $BV(\Omega)\cap L^{2}(\Omega)$ .
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(V2) $z\in BV(\Omega)$ , Radon $f^{o}(Dz)$ ,
$(i)-$ (iii) :
(i) $f^{O}(Dz)$ $|Dz|$ ;
(ii) Var$f(z)= \int_{\Omega}f^{O}(Dz)=\sup\{\int_{\Omega}zdiv\varphi dx|_{f(\varphi)\leq 1on\Omega}^{\varphi\in C_{c}^{1}(\Omega;\mathbb{R}^{2})}$
and
$\}$ ;
(ii) $\int_{B}f^{O}(Dz)=\int_{B}f^{o}(\nabla z)dx+\int_{B}f^{o}(\frac{Dz}{|Dz|})|Dz^{s}|,$ $\forall B\in \mathcal{B}(\Omega)$ .
(V3) ( ) $1\leq p<+\infty$ , $z\in BV(\Omega)\cap L^{p}(\Omega)$
$\{\zeta_{j}\}\subset C^{\infty}(\Omega)\cap BV(\Omega)\cap L^{p}(\Omega)$
:
$\zeta_{i}arrow z$ in $L^{P}(\Omega)$ and $Var_{f}(\zeta_{i})arrow$ Var$f(z)aeiarrow+\infty$ .
$B\in \mathcal{B}(\Omega)$ , $\chi_{B}$ Var$f(\chi_{B})$
(anisotropic perimeter) , Per$f(B)$ .
Borel $D\in \mathcal{B}(\Omega)$ Lipschitz $\partial D$ :
Per$f(D)= \int_{\partial D\cap\Omega}f^{o}(\frac{D}{|D}XL)d\mathcal{H}^{1}\chi_{D}|$ and $*_{|D\chi_{D}}D=-n_{\partial D},$ $\mathcal{H}^{1}- a.e$ . on $\partial D\cap\Omega$ ; (2.1)
, :
$f( \frac{D}{|D}XL\chi_{D}|)=f(n_{\partial D})$ and $f^{Q}( \frac{D}{|D}XL_{1}xD)=f^{O}(n_{\partial D})$ ; (2.2)
.
, (coarea formula) ,
Var$f$ (cf. [2]).
(V4) ( ) $z\in BV(\Omega)$ , :
Var$f(z)= \int_{-\infty}^{+\infty}$ Per$f(z^{-1}(\tau, +\infty))d\tau$. (2.3)
, $z\in C^{\infty}(\Omega)\cap BV(\Omega)$ , $(2.1)-(2.2)$ Morse-Sard
(cf. [19]) , (2.3)
:
Var$f(z)= \int_{\Omega}f^{O}(\nabla z)dx=\int_{-\infty}^{+\infty}(\int_{l}f^{O}(n_{\partial z^{-\iota}(\tau,+\infty)})d\mathcal{H}^{1})d\tau$. (2.4)
, [3, 4, 5] [15] ,
$V_{f}$ $\Phi_{f}$ .
6
(V5) (cf. [3, Lemmas 1-4], [4, Lemma 1], [5, Chapters 2-5]) $[z^{*}, z]\in\partial V_{f}$ in $L^{2}(\Omega)\cross L^{2}(\Omega)$
, $(i)-(iii)$ $\nu^{*}\in L^{\infty}(\Omega;\mathbb{R}^{2})$
:
(i) $|f(\nu^{*})|_{L^{\infty}(\Omega)}\leq 1$ , and $div\nu^{*}\in L^{2}(\Omega)$ ;
(ii) $z^{*}=-div\nu^{*}$ in $\mathcal{D}’(\Omega)$ ;
$( iii)\int_{\Omega}z^{*}\varphi dx=\int_{\Omega}\nu^{*}\cdot\nabla\varphi dx,$ $\forall\varphi\in W^{1,1}(\Omega)\cap L^{2}(\Omega)$ , and $V_{f}(z)= \int_{\Omega}z^{*}zdx$ .
(V6) (15) $\Phi_{f}$ , $(i)-$ (iv) :
(i) $D(\Phi_{f})=\{z\in BV(\Omega)||z|\leq 1$ , a.e. in $\Omega\}$ ;
(ii) $r>0$ $\Phi_{f}$ $L_{\Phi_{f}}(r):=\{z\in L^{2}(\Omega)|\Phi_{f}(z)\leq r\}$
, $L^{2}(\Omega)$ ;
(iii) $(z_{1}^{*}-z_{2}^{*}, (z_{1}-z_{2})^{+})_{L^{2}(\Omega)}\geq 0,$ $\forall[z_{k}^{*}, z_{k}]\in\partial\Phi_{f}$ in $L^{2}(\Omega)xL^{2}(\Omega)(k=1,2)$ ;
(iv) $D(\partial\Phi_{f})=D(\partial V_{f})\cap D(\Phi_{f})$ and $\partial\Phi_{f}(z)=\partial V_{f}(z)+\partial I_{[-1,1]}(z)$ in $L^{2}(\Omega)$ ,
$\forall z\in D(\partial\Phi_{f})$ .
, $\overline{\theta}\in L_{1oc}^{2}([0, +\infty);L^{2}(\Omega))$ , :
$(E;\overline{\theta})_{f}$ $u_{t}(t)+\kappa\partial\Phi_{f}(u(t))\ni u(t)+\overline{\theta}(t)$ in $L^{2}(\Omega),$ $t>0$ .
$\overline{\theta}\in L_{1oc}^{2}([0, +\infty);L^{2}(\Omega))$ , :
$u\in W_{1oc}^{1,2}([0, +\infty);L^{2}(\Omega)),$ $\Phi_{f}(u)\in L_{1oc}^{1}[0, +\infty)$ ,
9$u^{*}\in L_{1oc}^{2}([0, +\infty);L^{2}(\Omega))$ , s.t. $u^{*}(t)\in\partial\Phi_{f}(u(t))$ , and
$u_{t}(t)+\kappa u^{*}(t)=u(t)+\theta(t)$ in $L^{2}(\Omega)$ , a.e. $t>0$ .
$u:[0\}+\infty)arrow L^{2}(\Omega)$ , $(E;\overline{\theta})_{f}$ .
$\overline{\theta}\in L_{1oc}^{2}([0, +\infty);L^{2}(\Omega))$ , $(E;\overline{\theta})_{f}$ , (1.3) $\theta=\overline{\theta}$
(in $Q$ ) . ,
$(E;\overline{\theta})_{f}(\overline{\theta}\in L_{1oc}^{2}([0, +\infty);L^{2}(\Omega)))$ Allen-Cahn ,
,
$(E;\overline{\theta})_{f}$ ,




21 ( $(E;\overline{\theta})_{f}$ )
(I) (cf. [8, Chapter III]) $\overline{\theta}\in L_{1oc}^{2}([0, +\infty);L^{2}(\Omega))$ $\in$
$D(\Phi_{f})$ , $(E;\overline{\theta})_{f}$
. , $t\in[0, +\infty)\mapsto\Phi_{f}(u(t))$
.
(II) (cf. [14, Theorem 9.1]) $\theta_{*}\in \mathbb{R}$ , :
$\overline{\theta}-\theta_{*}\in L^{2}(0, +\infty;L^{2}(\Omega))$ and $\overline{\theta}(t)arrow\theta_{*}$ in $L^{2}(\Omega)$ as $tarrow+\infty$ .
, $(E;\overline{\theta})_{f}$ $u$ , $u(t)$ $tarrow+\infty$ $\omega$-
( $\omega$-limit set):
$\omega(u;\overline{\theta}):=\{w_{*}\in L^{2}(\Omega)|_{u(t_{i})arrow w_{*}inL^{2}(\Omega)asiarrow+\infty}^{\text{ }\{t_{1}\cdot\}\subset(0,+\infty)s.t.t_{i}\nearrow+\infty}and\}$ ; (2.5)
, $L^{2}(\Omega)$ . , $w_{*}\in\omega(u|\overline{\theta})$
$\omega$- ( $\omega$-limit point) ,
(1.9) .
(III) ( ) 2 $\overline{\theta}_{k}\in L_{1oc}^{2}([0, +\infty);L^{2}(\Omega))(k=1,2)$ , $u_{1}$
$(E;\overline{\theta}_{1})_{f}$ $(E;\overline{\theta}_{2})_{f}$ , :
$\overline{\theta}_{1}\leq\overline{\theta}_{2}$ a.e. in $Q$ , and $u_{1}(0)\leq u_{2}(0)$ a.e. in $\Omega$
$\Rightarrow u_{1}(t)\leq u_{2}(t)$ a.e. in $\Omega,$ $\forall t\geq 0$ .
(IV) ( ) $\overline{\theta}\in L_{1oc}^{2}([0, +\infty);L^{2}(\Omega))$ . , $u\in C([0,$ $+\infty)$ ;
$L^{2}(\Omega))$ $(E;\overline{\theta})_{f}$ , $(i)-(iii)$
$\nu_{u}^{*}\in L^{\infty}(Q;\mathbb{R}^{2})$ :
(i) $|f(\nu_{u}^{*})|_{L\infty(Q)}\leq 1$ , and $div\nu_{u}^{*}\in L_{1oc}^{2}([0, +\infty);L^{2}(\Omega))$ ;
(ii) $-\kappa div\nu_{u}^{*}=\{\begin{array}{l}\leq u+\overline{\theta}-u_{t}, if u=1,=u+\vec{\theta}-u_{t}, if-l <u<1, a.e. in Q;\geq u+\overline{\theta}-u_{t}, if u=-1,\end{array}$
(iii) $- \int_{\Omega}div\nu_{u}^{*}(t)\varphi dx=\int_{\Omega}\nu_{u}^{*}(t)\cdot\nabla\varphi dx,$ $\forall\varphi\in W^{1,1}(\Omega)\cap L^{2}(\Omega)$ , $a.e$ . $t>0$ ,
and $\Phi_{f}(u(t))=-\int_{\Omega}div\nu_{u}(t)u(t)dx$.
. 4 $(I)-(IV)$ ,
.
8
, (I) Br\’ezis (cf. [8]) .
, (II) (III) , , [14, Theorem 9.1] [26,
Proposition 2.2] . , (IV) (V5)
(V6) (iv) $\blacksquare$
3 (P) $f$
, $f$ 2 , $(P)_{f}$ .
.
, Sobolev $H_{0}^{1}(\Omega)$ $X_{0}$ . , $X_{0}$ :
$(z_{1}, z_{2})_{X_{0}}:= \int_{\Omega}\nabla z_{1}\cdot\nabla z_{2}dx,$ $\forall z_{1}\in X_{0}(i=1,2)$ ;
Hilbert . , $X_{0}$ Hilbert $L^{2}(\Omega)$
. , $C_{P}>0$ ,
:
$|z|_{L^{2}(\Omega)}\leq C_{P}|z|_{X_{0}}$ , $\forall z\in X_{0}$ .
Poincar\’e . , $\Omega$
2 , Sobolev $H^{2}(\Omega)$ Banach $C$( )
, $\overline{C}>0$ :
$|z|_{C(E)}\leq\overline{C}|z|_{X_{0}}^{1/2}|z|_{H^{2}(\Omega)}^{1/2}\leq\overline{C}|z|_{H^{2}(\Omega)}$ , $\forall z\in X_{0}\cap H^{2}(\Omega)$ . (31)
(31) .
$\Delta_{0}:D(\Delta_{0})\subset L^{2}(\Omega)arrow L^{2}(\Omega)$ :
$D(\Delta_{0}):=H^{2}(\Omega)\cap X_{0}$ and $\Delta_{0}z:=\Delta z$ , $\forall z\in D(\Delta_{0})$ .
, (cf. [6, 16]), $\Delta_{0}$ :
$(-\Delta_{0}z_{1}, z_{2})_{L^{2}(\Omega)}=(z_{1}, -\Delta_{0}z_{2})_{L^{2}(\Omega)}=(z_{1}, z_{2})_{X_{0}},$ $\forall z_{i}\in D(\Delta_{0})(i=1,2)$ ;
, $D(\Delta_{0})$ $L^{2}(\Omega)$ . , $h\in L^{2}(\Omega)$
, Poisson $\Delta_{0}v=h$ in $L^{2}(\Omega)$ $v\in H^{2}(\Omega)$ ,
$C_{0}>0$ :
$|v|_{H^{2}(\Omega)}\leq C_{0}|\Delta_{0}v|_{L^{2}(\Omega)}=C_{0}|h|_{L^{2}(\Omega)}$ . (3.2)
, $(P)_{f}$ .
31( ) $\theta_{*}\in \mathbb{R}$ ( ) . , $[\theta,w]$
3 , (P) $f$ :
9
(sl) $\theta\in W_{1oc}^{1,2}([0, +\infty);H^{2}(\Omega)),$ $w\in W_{1oc}^{1,2}([0, +\infty);L^{2}(\Omega)),$ $\Phi_{f}(w)\in L_{1oc}^{1}[0, +\infty)$ ,
$\theta_{0}-\theta$. $\in D(\Delta_{0})$ and $w_{0}\in D(\Phi_{f})$ ;
$(s2)\theta(t)-\theta_{*}\in D(\Delta_{0}),$ $\theta_{t}(t)\in D(\Delta_{0}),$ and
$(\theta+w)_{t}(t)-\Delta_{0}[(\theta(t)-\theta_{*})+\mu\theta_{t}(t)|=0$ in $L^{2}(\Omega)$ , $a$ $e$ . $t>0$ ; (33)
(s3) $w$ , $\theta=\theta$ Alien-Cahn $(E;\theta)_{f}$ . :
$w^{*}\in L_{1oc}^{2}([0, +\infty);L^{2}(\Omega)),$ $s.t$ .
$w^{*}(t)\in\partial\Phi_{f}(w(t))$ and $w_{t}(t)+\kappa w^{*}(t)=w(t)+\theta(t)$ in $L^{2}(\Omega)$ , a.e. $t>0$ . $(3.4)$
, $(P)_{f}$ .
31 ( ) (P) $f$ $[\theta, w]$ .
. 3.1 [21] ( [23]) ,
. , [21, Theorem 2.1]
$\blacksquare$
, $\theta_{*}\in \mathbb{R}$ , $L^{2}(\Omega)$ $S_{\theta}$ . :
$S_{\theta}.(z):= \kappa\Phi_{f}(z)-\frac{1}{2}\int_{\Omega}|z+\theta_{*}|^{2}dx,$ $\forall z\in L^{2}(\Omega)$ . (3.5)
. , (13) $\theta\equiv\theta_{*}$ (in $Q$ ) .
, (P) $f$
.
32( ) $\theta_{*}\in \mathbb{R}$ ( ), $[\theta_{0}, w_{0}]\in D_{0}\cross D(\Phi_{f})$
, $[\theta, w]$ (P) $f$ . , 2
.
(I) ( ) :
$J(t):= \frac{1}{2}|\theta(t)-\theta_{*}|_{L^{2}(\Omega)}^{2}+\frac{\mu}{2}|\theta(t)-\theta_{*}|_{X_{0}}^{2}+S_{\theta}.(w(t)),$ $\forall t\geq 0$ ;
, $[0, +\infty)$ , :
$J(t)\leq J(t\gamma 0\leq\forall\tilde{t}\leq\forall t<+\infty$.





. (I) $F$ , (3.3) (3.4) $(\theta(t)-\theta_{*})$ $w_{t}(t)$
, 2 :
$\frac{d}{dt}J(t)+|\theta(t)-\theta_{*}|_{X_{0}}^{2}+|w_{t}(t)|_{L^{2}(\Omega)}^{2}=0$ , a.e. $t>0$ ; (3.7)
. (II) , $t>0$ , (3.7)




, (3.3) $(-\Delta_{0})(\theta(t)-\theta_{*})$ :
$\frac{d}{dt}(|\theta(t)-\theta_{*}|_{X_{0}}^{2}+\mu|\Delta_{0}(\theta(t)-\theta_{*})|_{L^{2}(\Omega)}^{2})+|\Delta_{0}(\theta(t)-\theta_{*})|_{L^{2}(\Omega)}^{2}$
(3.9)
$\leq|w_{t}(t)|_{L^{2}(\Omega)}^{2}$ , a.e. $t>0$ .
(II) $C_{*}$ (3.9) , (3.2) (3.8)
$\blacksquare$
, (V6) (ii) ,
.
33( ) (P) $f$ $[\theta,w]$ , $(A)-(B)$ .
(A) ( $\theta$ ) $\theta(t)arrow\theta_{*}$ in 1 $(\Omega$ $)$ as $tarrow+\infty$ . (3.1) , $tarrow+\infty$
$\theta(t)$ , $\theta_{*}$ $\overline{\Omega}$ .
(B) ( $w$ $\omega$- ) $\omega(w;\theta)$ , (2.5) $u=w,\overline{\theta}=\theta$
$\omega$- . , $\omega(w;\theta)$ $L^{2}(\Omega)$
. , $w_{*}\in\omega(w;\theta)$ (1.9) .
. (A) [21, Section 5] . ,
(B) (A) 2.1 (II) $\blacksquare$
, $\theta_{*}$ (19) $w_{*}$ $[\theta_{*}, w_{*}]$
, $(P)_{f}$ .
4
, 2 $f$ (18) ,
$r>0$ $x\in \mathbb{R}^{2}$ , $(x+r\mathcal{W}_{f})\cap\Omega$ $W_{f}(x;r)$ . $\mathcal{W}_{f}$
(16) $f$ Wulff . (1.8) ,
$f$ :
11
$f^{o}(\xi^{o})$ $:= \sup\{\xi^{\circ}\cdot\xi|\xi\in \mathbb{R}^{2}$ $s$ . $t$ . $f(\xi)\leq 1\},$ $\forall\xi^{o}\in \mathbb{R}^{2}$ ;
:
$\nu_{k}^{o}:=(\cos\frac{(2k+1)\pi}{2m},\sin\frac{(2k+1)\pi}{2m})\in S^{1},$ $\forall k\in Z$ ;
:
$f^{O}( \xi^{O}):=(\sec\frac{\pi}{2m})\max_{k\in Z}\nu_{k}^{o}\cdot\xi^{o},$ $\forall\xi^{O}\in \mathbb{R}^{2}$ . (4.1)
, (18) (41) , :
$\{\begin{array}{l}\cos\frac{\pi}{2m}=f(\nu_{k}^{o})\leq f(\nu)\leq f(\nu_{k})=1,\forall\nu\in S^{1}, \forall k\in Z.1=f^{o}(\nu_{k})\leq f^{o}(\nu)\leq f^{o}(\nu_{k}^{o})=\sec\frac{\pi}{2m},\end{array}$ (4.2)
, $(P)_{f}$ .
(19) , (19)
( ) ( )
.
$|\theta_{*}|\geq 1$ , (19)
. , (1.10) , $\theta_{*}>1(\theta_{*}<-1)$
, (1.9) 1 $(-1)$ . , $|\theta_{r}|=1$
, (19) 2 $\pm 1$ .
, $\theta_{*}$ , $-1<\theta_{*}<1$ .
, 21(II) , (19) , ( ) $\overline{\theta}\in L_{1oc}^{2}([0, +\infty)$ ;
$L^{2}(\Omega))$ , Alien-Cahn $(E;\overline{\theta})_{f}$
. [24] ,





41 $-1<\theta_{r}<1$ , $\Omega$ $\mathcal{D}_{*}(\theta_{*})\subset \mathcal{B}(\Omega)$ :
$\mathcal{D}_{*}(\theta_{*}):=\{\emptyset, \Omega\}\cup \mathcal{D}_{0}(\theta_{*})$ ;
. , $\mathcal{D}_{0}(\theta_{*})$ $(D1)-(D5)$ (Fig. 1
).
12
Fig. 1. $D\in \mathcal{D}_{0}(\theta_{*})$ $(m=3)$
(Dl) $\Gamma_{D}$ $:=\partial D\cap\Omega$ Jordan .
(D2) $\Gamma_{D}$ $C^{2}$- . , $n_{D}\in \mathbb{N}$ $n_{D}$ $C^{2}$- $\Gamma_{k}$
$(k=1, \cdots, n_{D})$ , $\Gamma_{D}=\bigcup_{k=1}^{n\circ}\Gamma_{k}$ . , $1\leq k\leq n_{D}$
$C^{2}$- $\Gamma_{k}$ , $\gamma_{k}\in C^{2}(J_{k};\mathbb{R}^{2})$
, $J_{k}^{o}$ (
$)$ $\Gamma_{\mathring{k}}:=\gamma_{k}(J_{\mathring{k}})(k=1, \cdots, n_{D})$ .
(D3) $1\leq k\leq n_{D}$ , 2 $\ell_{k}\in Z$
:
(i) $\gamma_{k}^{\perp}(s):=(\begin{array}{l}0-l0l\end{array})\gamma_{k}’(s)=\nu_{\ell_{k}},$ $\forall s\in J_{k}$ ;
(ii) $f( \gamma_{k}^{\perp}(s))=\max\{\nu_{\ell_{k}}\cdot\gamma_{k}^{\perp}(s),$ $\nu_{\ell_{k}+1}\cdot\gamma_{k}^{\perp}(s)\}<1,$ $\forall s\in J_{k}$ .





(D5) $1\leq k\leq n_{D}$ $0\leq r\leq r_{*}$ , $\Gamma_{D}$ $\Gamma_{D}(r)_{f}$
:
$\Gamma_{D}(r)_{f}:=\{\begin{array}{l}\{x\in\Omega|\inf_{y\in\Gamma_{D}}f(y-x)<r\}, if \Gamma_{D}\neq\emptyset and r>0,\emptyset, otherwise.\end{array}$
, $\Gamma_{k}(r)(0<r\leq r_{*}, k=1, \cdots, n_{D})$
:
(i) $\Gamma_{D}(r)_{f}=\bigcup_{k=1}^{D}\Gamma_{k}(r);n$





$k=1,$ $\cdots,$ $n_{D}$ .
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$(m=3)$ $(m=3)$
4.1 (D5) $\Gamma_{k}(r)(0<r\leq r_{*}, k=1, \cdots, n_{D})$ ,
. , $1\leq k\leq n_{D}$ ,
$\Theta_{k}$ , :
$G_{k}:=\Lambda_{k}\Gamma_{k}$ , $G_{k}(r):=\Lambda_{k}\Gamma_{k}(r)(0<r\leq r_{*})$ ;
(case 1), (case 2) (Fig. 2 Fig. 3
):
$($case 1 $)$ $R_{k}\geq r_{*},$ $st$ . :
$\{\begin{array}{l}G_{k}=\{\xi=(\xi_{1},\xi_{2})\in \mathbb{R}^{2}|f(\xi)=\nu_{0}\cdot\xi and \xi_{1}=R_{k}\},G_{k}(r)=((R_{k}+r)\mathcal{W}_{f}\backslash (R_{k}-r)\overline{\mathcal{W}_{f}})\cap\{\xi\in \mathbb{R}^{2}|f(\xi)=\nu_{0}\cdot\xi\};\end{array}$
(case 2) $I_{k}:=[a_{k}, b_{k}](-\infty<a_{k}<b_{k}<+\infty),$ $\beta_{k}\in C^{2}(I_{k})$ , s.t. :
$\{\begin{array}{l}|\beta_{k}’|\leq\tan\frac{\pi}{2m} on I_{k},G_{k}=\{\xi\in \mathbb{R}^{2}|\xi=(\beta_{k}(\tau),\tau), \tau\in I_{k}\},G_{k}(r)=\{\xi\in \mathbb{R}^{2}|\xi=(\sigma+\beta_{k}(\tau),\tau), \tau\in I_{k}, |\sigma|<r\sec\frac{\pi}{2m}\},\Lambda_{k}(\Gamma_{k}(r)\cap D)=\{\xi=(\xi_{1},\xi_{2})\in G_{k}(r)|\xi_{1}>\beta_{k}(\xi_{2})\}.\end{array}$
, 1 $\leq k\leq n_{D}$ , $fe_{k}:=f$ oe$k-1$
$f_{e_{k}}^{o}:=f^{o}\circ\Theta_{k}^{-1}$ 2 2 , :
$\{\begin{array}{l}\bullet (case 1) \Rightarrow f_{e_{k}}=f and f_{e_{k}}^{o}=f^{O} on \mathbb{R}^{2},\bullet (case 2) \Rightarrow f_{e_{k}}=(\cos\frac{\pi}{2m})f^{o} and f_{\mathring{e}_{k}}=(\sec\frac{\pi}{2m})f on \mathbb{R}^{2}.\end{array}$ (4.3)
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4.1 , BV- $S_{*}(\theta_{*})$
:
$S_{*}(\theta_{*}):=\{w=(1+\theta_{*})\chi_{D}+(-1+\theta_{*})\chi_{D^{x}}\cdot-\theta_{r}|D\in \mathcal{D}_{*}(\theta_{*})\}$ . (4.4)
42 (4.4) $S_{*}(\theta_{*})$ $F$ , $D=\Omega$ $D=\emptyset$
2 1 $-1$ .
, $[$24] .
41( )
(I) ( ) $S_{*}(\theta_{*})$ (19) .
(II) ( ) $w_{*}=(1+\theta_{*})\chi_{D}+(-1+\theta_{*})\chi_{D^{*x}}-\theta_{*}\in S_{*}(\theta_{*})$
$(D\in \mathcal{D}_{*}(\theta_{*}))$ $($ 1.9) , 2 $\overline{\delta},\overline{\rho}>0$
:
$\{\begin{array}{l}\bullet w_{*}\in S_{*}(\theta_{*}) \text{ } \Rightarrow 2\overline{\delta}+\overline{\rho}\leq 1-|\theta_{*}|,\bullet w_{*}\in S_{*}(\theta_{*}) \text{ } \Rightarrow 0<\frac{2\kappa}{1-|\theta_{*}|-3\overline{\delta}}<r_{*}-\overline{\rho}.\end{array}$ (4.5)
, $0\leq\delta\leq\overline{\delta},$ $0\leq\rho\leq\overline{\rho},\overline{\theta}\in L_{1oc}^{2}([0, +\infty);L^{2}(\Omega))$ , ( ) $\overline{\theta}$
Allen-Cahm $(E;\overline{\theta})_{f}$ $u$ :
$|\overline{\theta}-\theta_{*}|_{L\infty(Q)}\leq\overline{\delta}$ and $|u(0)-w_{*}|_{L(\Omega\backslash \Gamma_{D}(\rho)_{f})}\infty\leq\delta$.
, $(i)-(ii)$ :
(i) $|u(t)-w_{*}|_{L^{\infty}(\Omega\backslash \Gamma_{D}(\rho)_{f})}\leq\delta\}\forall t\geq 0$;
$($ ii $)$ $\overline{t}(\delta,$ $\rho)>0$ , st $u(t)=w_{*}a.e$ . in $\Omega\backslash \Gamma_{D}(\rho)_{f},$ $\forall t\geq\overline{t}(\delta,$ $\rho)$ .
, $w_{*}$ , $\overline{t}(\delta, \rho)$ $\rho$ ,
(ii) $u(t)$ , $\overline{t}=\overline{t}(\delta)$ , $\Omega$ $w_{*}$
( ) .
. $(I)-$ (II) , 2.1 (IV)
. , (I)
.
, (II) 2.1 (IV) ,
.
, Allen-Cahn
. (II) , 2.1 (III) ,
$\blacksquare$
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43 (4.4) $S_{*}(\theta_{*})$ , $($ 1.9)
. , $\theta*$
(110) , $S_{*}(\theta_{*})$ .
, , $($P $)f$
4.1 .
, $[\theta_{*}, w_{*}]$ ,
$D(\Delta_{0})\cross D(\Phi_{f})$ ( ) .
42( ) $[\theta_{*},$ $w_{*}]$ , $-1<\theta_{*}<1$ ( ) , (1.9)
$w_{*}=(1+\theta_{*})\chi_{D}+(-1+\theta_{*})\chi_{D}\cdot\sim-\theta_{*}\in S_{*}(\theta_{*})(D\in \mathcal{D}_{*}(\theta_{*}))$
$($P $)f$ . , $\overline{\delta},\overline{\rho}$ $($4.5) 2 .
, $\lambda\geq 0,0\leq\delta\leq\overline{\delta},$ $0\leq\rho\leq\overline{\rho}$ , $D(\Delta_{0})\cross D(\Phi_{f})$





44 42 , :
$(\begin{array}{l}\theta_{0}w_{0}\end{array})\in U_{\lambda}((\begin{array}{l}\theta_{*}w_{*}\end{array});\delta,\rho)$ ; (4.6)
(P) $f$ $[\theta, w]$ . , (3.6)
(4.5) , $\lambda\geq 0$ ,
$M_{\lambda}>0$ :
$|\theta(t)-\theta_{*}|_{H^{2}(\Omega)}\leq M_{\lambda}(1+\mathcal{H}^{1}(\Gamma_{D})),$ $\forall t\geq 0$ . (4.7)
(4.7) , 2 $\theta,$ $w$
.
, .
41( ) $[\theta_{*}, w_{*}]$ , $-1<\theta_{*}<1$ ( ) (1.9)
$w_{*}=(1+\theta.)\chi_{D}+(-1+\theta_{*})\chi_{D^{X}}\cdot-\theta_{*}\in S_{*}(\theta_{*})(D\in \mathcal{D}_{*}(\theta_{*}))$ $(P)_{f}$
. , $\overline{\delta},\overline{\rho}$ (4.5) 2 . ,
$\lambda\geq 0$ , $\lambda$ $0<\delta_{*}(\lambda)\leq\overline{\delta},$ $0\leq\rho_{*}(\lambda)\leq\overline{\rho}$ ,
$[\theta_{*}, w_{*}]$ :
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$(*)0\leq\delta\leq\delta_{*}(\lambda),$ $0\leq\rho\leq\rho_{*}(\lambda)$ , (P) $f$ $[\theta,w]$ (4.6)
:
$|\theta(t)-\theta_{*}|_{C(ii)}\leq\overline{\delta}_{)}$ and $|w(t)-w_{*}|_{L(\Omega\backslash \Gamma_{D}(\rho)_{f})}\infty\leq\delta,$ $\forall t\geq 0$ .
$\delta$
$\rho$
$t_{*}(\delta, \rho)$ , :
$w(t)=w_{*}a.e$ . in $\Omega\backslash \Gamma_{D}(\rho)_{f},$ $\forall t\geq t_{*}(\delta, \rho)$ . (4.8)
, $w_{*}$ , $t_{*}(\delta,\rho)$ $\rho$ ,
(4.8) , $w(t)$ $t_{*}=t_{*}(\delta)$ , $\Omega$ w$*$ ( )
.
5
, . $[\theta_{*}, w_{*}]$ , $-1<\theta_{*}<1$ ( ) ,
(19) $w_{*}=(1+\theta_{*})\chi_{D}+(-1+\theta_{*})\chi_{D^{*x}}-\theta_{*}\in S_{*}(\theta_{*})(D\in \mathcal{D}_{*}(\theta_{r}))$




51 ($S_{\theta_{*}}$ ) $-1<\theta_{*}<1$ , $S_{\theta_{*}}$ (3.5)
$L^{2}(\Omega)$ . , $w_{*}=(1+\theta_{*})\chi_{D}+(-1+\theta_{*})\chi_{D^{\circ x}}-\theta_{*}\in S_{*}(\theta_{*})$
$(D\in \mathcal{D}_{*}(\theta_{*}))$ , (19) . , $0\leq\delta<1-|\theta_{*}|$ ,
$0\leq\rho<r_{*}$ , :
$S_{\theta_{*}}(z)\geq S_{\theta_{r}}(w_{*})-11(\delta+\rho)\mathcal{H}^{1}(\Gamma_{D})$ ,
$\forall z\in D(\Phi_{f})s.t$ . $|z-w_{*}|_{L\infty(\Omega\backslash \Gamma_{D}(\rho)_{f})}\leq\delta$. (5.1)
51 . , $\rho=0$ . , (V4), (4.2)
$m\geq 2$ , (5.1) $z\in D(\Phi_{f})$
:
$S_{\theta_{r}}(z)$ $=$ $\kappa\Phi_{f}(z)-\frac{1}{2}\int_{\Omega}|z+\theta_{*}|^{2}dx$
$\geq$ $\kappa\int_{-1+\delta}^{1+\delta}$ Per$f(z^{-1}( \tau, +\infty))d\tau-\frac{1}{2}\int_{\Omega}|w_{*}+\theta_{*}|^{2}dx$
$=$ $2 \kappa(1-\delta)\int_{\Gamma_{D}}f^{O}(n_{\Gamma_{D}})d\mathcal{H}^{1}-\frac{1}{2}\int_{\Omega}|w_{*}+\theta_{*}|^{2}dx$
$\geq$ $\kappa Var_{f}(w_{*})-\frac{1}{2}\int_{\Omega}|w_{*}+\theta_{*}|^{2}dx-2\delta(\sec\frac{\pi}{2m})\mathcal{H}^{1}(\Gamma_{D})$
$=$ $S_{\theta}.(w_{*})-4\delta \mathcal{H}^{1}(\Gamma_{D})$ .
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, .
, $\rho>0$ . (5.1) $z\in D(\Phi_{f})$ ,
$z$ $\{\zeta_{i}\}\subset C^{\infty}(\Omega)\cap BV(\Omega)\cap L^{2}(\Omega)$ :
$\zeta_{i}arrow z$ in $L^{2}(\Omega)$ and $Var_{f}(\zeta_{j})arrow Var_{f}(z)=V_{f}(z)$ as $iarrow+\infty$ . (5.2)
$\{\zeta_{i}\}$ (V3) , [22,
Lemma 6.2] , $\{\zeta_{i}\}$
( [1, Theorem 3.9], [10,
Theorem 2 in Section 5.2], [12, 1.17 Theorem in Chapter 1] ):
$\{\begin{array}{l}\bullet\zeta_{i}\in C^{\infty}(\overline{\Gamma_{D}(r_{*})_{f}}),\bullet 1-\delta\leq\zeta_{i}(x)\leq 1, \forall x\in\Gamma_{D}(r_{*})_{f}\backslash \overline{\Gamma_{D}(\frac{r.+\rho}{2})_{f}},st 1-\delta\leq z(x)\leq 1,\bullet -1\leq\zeta_{i}(x)\leq-1+\delta, \forall x\in\Gamma_{D}(r_{*})_{f}\backslash \overline{\Gamma_{D}(\frac{r.+\rho}{2})_{f}},s.t. -1\leq z(x)\leq-1+\delta,\end{array}$
$\forall i\in N$ . (5.3)
, (5.2) , $i_{*}=i_{*}(\rho, \kappa, \mathcal{H}^{1}(\Gamma_{D}))\in N(\rho,$ $\kappa,$ $\mathcal{H}^{1}(\Gamma_{D})$
) , :
$|$Var$f(\zeta_{i}.)$ –Var$f(z)| \leq\frac{\rho \mathcal{H}^{1}(\Gamma_{D})}{1+\kappa}$ . (5.4)
, Var$f((i.)$ , $(2.1)-(2.4)$ :
Var$f(\zeta_{i_{r}})$ $\geq$ $\int_{\Gamma_{D}(r.)_{f}}f^{O}(\nabla\zeta_{i}.)dx$
$\geq$ $\int_{-1+\delta}^{1-\delta}(\int_{\mathfrak{i}}\sigma^{-1}f^{o}(\tau)(n_{\partial\zeta^{-1}(\tau,+\infty)})d\ovalbox{\tt\small REJECT}^{1})d\tau$;
, (5.3) [25, Lemma Ap.1] ,
:
Var$f(\zeta_{i}.)$ $\geq$ $(1- \frac{\rho}{r_{*}})(\int_{\Gamma_{D}}f^{o}(n_{\Gamma_{D}})d\mathcal{H}^{1})d\tau$
$=$ $2(1- \delta)(1-\frac{\rho}{r_{*}})\int_{\Gamma_{D}}f^{o}(n_{\Gamma_{D}})d\mathcal{H}^{1}$
$\geq$ Var$f(w_{*})-2( \delta+\frac{\rho}{r_{*}})(\sec\frac{\pi}{2m})\mathcal{H}^{1}(\Gamma_{D})$ .









$=$ $- \frac{1}{2}\int_{\Omega}|w_{*}+\theta_{*}|^{2}dx-8\rho \mathcal{H}^{1}(\Gamma_{D})$ . $($5.6$)$
3 (5.4), (5.5), (5.6) ,
:





. $\overline{C}$ (31) , $\overline{\delta}$ $\overline{\rho}$ (4.5)
2 .
$\lambda\geq 0$ , $M_{\lambda}$ (4.7) , 3
$\epsilon_{*}(\lambda),$ $\delta_{*}(\lambda),$ $\rho_{*}(\lambda)$ :
$\{\begin{array}{l}\epsilon_{*}(\lambda):=\frac{\mu\overline{\delta}^{4}}{4(1+\overline{C})^{4}(1+NI_{\lambda})^{4}(1+\mathcal{H}^{1}(\Gamma_{D}))^{4}}(<1),\delta_{*}(\lambda);=\frac{\epsilon_{*}(\lambda)}{22(1+\ovalbox{\tt\small REJECT}^{1}(\Gamma_{D}))(1+\ovalbox{\tt\small REJECT}^{2}(\Omega))}(<\overline{\delta}),\rho_{*}(\lambda);=\min\{\frac{\epsilon_{*}(\lambda)}{22(1+\mathcal{H}^{1}(\Gamma_{D}))},\overline{\rho}\}.\end{array}$
, $0\leq\delta\leq\delta_{*}(\lambda),$ $0\leq\rho\leq\rho_{*}(\lambda)$ , (4.6)
$(P)_{f}$ $[\theta,w]$ ,
$T_{*}:= \sup\{T\geq 0|S_{\theta}.(w(t))\geq S_{\theta_{*}}(w_{*})-\epsilon_{*}(\lambda),$ $\forall t\in[0, T]\}$ , (5.7)
19
. , $T_{*}>0$ . , (4.6) 5.1 :
$S_{\theta}.(w_{0})\geq S_{\theta}.(w_{*})-11(\delta+\rho)\mathcal{H}^{1}(\Gamma_{D})$
$\geq$ $\ovalbox{\tt\small REJECT}_{\theta}.(w_{*})-11(\delta_{*}(\lambda)+\rho.(\lambda))\mathcal{H}^{1}(\Gamma_{D})>\ovalbox{\tt\small REJECT}_{\theta_{r}}(w_{*})-\epsilon_{*}(\lambda)$ ;
, 2.1 . $(w(\cdot))$ $[0, +\infty)$ ,
$T_{*}>0$ .




$\leq$ $2\delta(1+\ovalbox{\tt\small REJECT}^{2}(\Omega))+8\rho \mathcal{H}^{1}(\Gamma_{D})$
$\leq$ $2\delta_{*}(\lambda)(1+\ovalbox{\tt\small REJECT}^{2}(\Omega))+8\rho_{*}(\lambda)\mathcal{H}^{1}(\Gamma_{D})$





(3.1) (4.7), (5.8) :
$|\theta(t)-\theta_{*}|_{C(\Pi)}\leq\overline{C}|\theta(t)-\theta_{*}|_{X_{0}}^{1/2}|\theta(t)-\theta_{*}|_{H^{2}(\Omega)}^{1/2}$
$<$
$\overline{C}\cdot\frac{\overline{\delta}\cdot M_{\lambda}^{1/2}(1+\mathcal{H}^{1}(\Gamma_{D}))^{1/2}}{(1+\overline{C})(1+M_{\lambda})(1+\mathcal{H}^{1}(\Gamma_{D}))}<\overline{\delta}$ , $0\leq\forall t<T_{*}$ .
(5.9)
(5.9) (4.6) , 4.1 (II) (i)
, $w$ :
$|w(t)-w_{*}|_{L^{\infty}(\Omega\backslash \Gamma(\rho)_{f})}\leq\delta,$ $0\leq\forall t<T_{*}$ . (510)
, $T_{*}=+\infty$ . , $T_{*}<+\infty$ , 5.1 :
$S_{\theta}.(w(T_{*}))= \lim S_{\theta}.(w(t))\geq S_{\theta}.(w_{*})-11(\delta+\rho)\mathcal{H}^{1}(\Gamma_{D})$
$t\nearrow T$.
$\geq$ $S_{\theta}.(w_{*})-11(\delta.(\lambda)+\rho_{*}(\lambda))\mathcal{H}^{1}(\Gamma_{D})>S_{\theta}.(w_{*})-\epsilon.(\lambda)$ ;
, $T_{*}$ (5.7) .
(5.9) (510) , (4.8)
$t_{*}(\delta, \rho)$ 41 (II)(ii) . $\blacksquare$
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